Background Gastric adenocarcinoma with enteroblastic differentiation (GAED) has been recognized as a variant of alpha-fetoprotein (AFP)-producing gastric carcinoma, although its clinicopathologic and immunohistochemical features have not been fully elucidated. Methods To elucidate the clinicopathologic and immunohistochemical features of GAED, we analyzed 29 cases of GAED, including ten early and 19 advanced lesions, and compared these cases with 100 cases of conventional gastric adenocarcinoma (CGA). Immunohistochemistry for AFP, glypican 3, SALL4, and p53 was performed, and the phenotypic expression of the tumors was evaluated by immunostaining with antibodies against MUC5AC, MUC6, MUC2, CD10, and caudal-type homeobox 2 (CDX2). Results Lymphatic and venous invasion was more frequent in GAED (76 and 72 %) than in CGA (41 and 31 %; P B 0.001). Lymph node metastasis was more frequently observed in GAED (69 %) than in CGA (38 %; P = 0.005), as were synchronous or metachronous liver metastases (GAED, 31 %; CGA, 6 %; P B 0.001). Immunohistochemically, all GAED were positive for at least one of three enteroblastic linage markers (AFP, glypican 3, and SALL4). Glypican 3 was the most sensitive marker (83 %) for GAED, followed by SALL4 (72 %) and AFP (45 %), whereas no CGA was positive. Furthermore, the rate of positive p53 staining was 59 % in GAED. Regarding the mucin phenotype, CD10 and CDX2 were diffusely or focally expressed in all GAED cases. Invasive areas with hepatoid or enteroblastic differentiation were negative for CD10 and CDX2. Conclusions Clinicopathologic features of GAED differ from those of CGA. GAED shows aggressive biological behavior, and is characteristically immunoreactive to AFP, glypican 3, or SALL4.
Introduction
Gastric adenocarcinoma with enteroblastic differentiation (GAED), also known as clear cell gastric carcinoma, is a rare and not particularly well documented malignancy; previous reports have been either small series or a single case report [1, 2] . This type of tumor has been histologically characterized as having a primitive intestine-like structure, composed of cuboidal or columnar cells with clear cytoplasm [1, 3, 4] . GAED has also been noted to produce alpha-fetoprotein (AFP) in the serum and within the tumor [1, 2] , and it is recognized as a variant of AFPproducing gastric carcinoma. However, the association between GAED and AFP production remains unclear as some GAED cases may be AFP negative [2, 5] .
Since the first case of AFP-producing gastric cancer with liver metastasis was reported in 1970 [6] , many cases of this tumor type have been reported. In previous reports, AFP-producing gastric cancer was associated with a poor prognosis, and advanced-stage disease usually presented with liver metastases [7] [8] [9] [10] . Histologically, typical AFPproducing gastric cancer shows a hepatoid pattern composed of neoplastic cells with abundant eosinophilic cytoplasm in solid nests [11] , or a clear cell tubular pattern resembling fetal gut epithelium [1, 3, 4] . Diagnosis of AFPproducing gastric cancer is based on positive immunohistochemical staining of AFP; however, some hepatoid or enteroblastic tumors are negative for AFP expression.
Recent studies have demonstrated that glypican 3 and SALL4 are also oncofetal proteins indicative of hepatocyte differentiation [4, [12] [13] [14] [15] [16] . Glypican 3, a cell-surface heparan sulfate proteoglycan, is present in fetal liver and hepatocellular carcinoma or hepatoblastoma [4, [12] [13] [14] . Immunohistochemically, glypican 3-positive areas nearly always overlap with AFP-positive areas in AFP-producing gastric cancer [13] . SALL4 is a member of the SALL gene family and acts as a zinc finger transcription factor. SALL4 has an essential role in maintaining the self-renewal and pluripotency of embryonic stem cells [15, 16] . Accordingly, glypican 3 and SALL4 have been suggested to be sensitive markers for AFP-producing gastric cancer and related tumors.
Thus, the aim of this study was to elucidate the clinicopathologic and immunohistochemical features of GAED in association with the immunostaining of AFP, glypican 3, SALL4, and p53.
Materials and methods

Case selection
We studied 29 patients with GAED who underwent endoscopic or surgical resection at Juntendo University Hospital, Tokyo, Japan, between January 2009 and March 2014. These included 10 early and 19 advanced lesions. The diagnosis of GAED was based on the criteria described by Matsunou et al. [1] : (1) columnar carcinoma cells grow primarily in tubulopapillary and glandular patterns; (2) carcinoma cells have clear cytoplasm and an oval nucleus situated on the basal side; (3) abundant glycogen granules, but no mucin, are contained in the clear cytoplasm.
Sex, age, tumor location, tumor size, macroscopic appearance, depth of invasion (pT stage), lymphatic or venous invasion, lymph node metastasis, hepatic metastasis, and outcome were evaluated in all patients. The pT stage was classified according to the seventh edition of the American Joint Committee on Cancer/Union for International Cancer Control staging system [17] . We classified pT1 tumors irrespective of lymph node or liver metastasis as early lesions, and we defined the remaining tumors as advanced lesions.
Immunohistochemistry
Serial tissue sections (4 mm thick) prepared from formalinfixed and paraffin-embedded tissues were subjected to immunohistochemistry. For immunohistochemical examination, staining was performed using a Dako EnVision kit with antibodies against AFP (rabbit polyclonal, 1:1000; Dako, Glostrup, Denmark), glypican 3 (clone 1G12, 1:200; BioMosaics, Burlington, VT, USA) SALL4 (clone 6E3, 1:100; Abnova, Taipei, Taiwan), and p53 (clone DO-7, 1:100; Dako, Glostrup, Denmark). The phenotypic expression of the tumors was evaluated by immunostaining with antibodies against MUC5AC (NCL-MUC-5AC, 1:100; Novocastra, Newcastle-upon-Tyne, UK), MUC6 (NCL-MUC-6, 1:100; Novocastra, Newcastle upon Tyne, UK), MUC2 (NCL-MUC-2, 1:100; Novocastra, Newcastle upon Tyne, UK), CD10 (NCL-CD10-270, 1:100; Novocastra, Newcastle upon Tyne, UK), and caudal-type homeobox 2 (CDX2; CDX2-88, 1:100; BioGenex, Fremont, CA, USA). Appropriate positive and negative controls were used for each antibody.
AFP, glypican 3, or SALL4 staining was assessed according to a previous description [15] . Cytoplasmic staining for AFP, and membrane and cytoplasmic staining for glypican 3 were evaluated. Only nuclear staining was considered positive for SALL4. The scoring system was as follows: score 0, less than 1 % of tumor cells positive; The phenotypes were classified into four categories according to the combination of the expression of CD10, MUC2, MUC5AC, MUC6, and CDX2 [18] . Specimens positive for MUC5AC or MUC6 were defined as gastric type, those positive for MUC2, CD10, or CDX2 were defined as intestinal type, and those with both phenotypes were considered to be gastrointestinal type. In addition, specimens with no CD10, MUC2, MUC5AC, or MUC6 expression were considered to be unclassified type. Expression of p53 was recorded as positive if distinct and strong nuclear staining was observed in more than10 % of tumor cells [19] .
The histology and immunohistochemical staining results were evaluated by two observers (T.M. and T.Y.). When discrepancies arose, the cases were reviewed using a multiheaded microscope to achieve a consensus.
Comparisons with conventional gastric adenocarcinoma
We randomly selected 100 samples of conventional gastric adenocarcinoma (CGA) from our files of endoscopically or surgically resected specimens at our hospital between 2009 and 2014. These lesions were histologically papillary adenocarcinomas, well to moderately differentiated tubular adenocarcinomas, and poorly differentiated adenocarcinomas. We compared 29 GAED with 100 CGA in regard to clinicopathologic findings such as sex, age, tumor location, tumor size, macroscopic appearance, pT stage, lymphatic or venous invasion, lymph node metastasis, and hepatic metastasis. Furthermore, we randomly selected 20 lesions from those 100 CGA, and performed immunohistochemical staining using antibodies against AFP, glypican 3, and SALL4 as described earlier.
Statistical analysis
All statistical analyses were performed using Stat-View for Windows version 5.0 (SAS Institute, Cary, NC, USA). Continuous data were compared with the Mann-Whitney U test. Categorical analysis of variables was performed using either the chi squared test (with Yates's correction) or Fisher's exact test, as appropriate. A P value less than 0.05 was considered statistically significant.
Results
Clinicopathologic findings
The clinicopathologic findings of the 29 GAED patients and the 100 CGA patients included in this study are summarized in Table 1 , and detailed clinicopathologic findings of 29 GAED lesions are listed in Table 2 . There were 23 male and six female GAED patients, with ages ranging from 59 to 85 years (mean 73 years). Six GAED were located in the upper area of the stomach, nine were in the middle area, and 14 were in the lower area. The mean tumor sizes of GAED were 19 mm for early lesions and 49 mm for advanced lesions (P \ 0.001). Macroscopically, superficially depressed-type lesions were frequently observed among early GAED cases, and types 2 and 3 were frequently observed among advanced GAED cases, similarly to CGA cases. With regard to the depth of invasion, in the 29 GAED patients and the 100 CGA patients, pT1 was observed in ten and 33 patients, respectively, pT2 was observed in four and 16 patients, respectively, pT3 was observed in 12 and 37 patients, respectively, and pT4 was observed in three and 14 patients, respectively. Neither of these comparisons was considered statistically significant.
Lymphatic invasion was more frequently observed in GAED (22 of 29 cases, 76 %) than in CGA (41 of 100 cases, 41 %; P = 0.001), as was venous invasion (GAED, 72 %; CGA, 31 %; P B 0.001). Lymphatic and/or venous invasion was present in 26 GAED (90 %), including eight early lesions and 18 advanced lesions. Lymph node metastasis was more frequently observed in GAED (20 of 29 cases, 69 %), including four early cancer patients and 16 advanced cancer patients, than in CGA (38 of 100 cases, 38 %; P = 0.005. Synchronous or metachronous liver metastases were more frequently found in GAED (nine of 29 cases, 31 %) than in CGA (six of 100 cases, 6 %; P B 0.001).
Histopathologic findings
The histopathologic findings of the 29 GAED specimens are summarized in Table 2 . All 29 cases showed adenocarcinoma composed of cuboidal or columnar cells with clear cytoplasm, resembling the primitive gut (Fig. 1a) . In cases 6, 11, and 22, part of the invasive area exhibited a hepatoid pattern (Fig. 1b) ; in case 27, the tumor partly exhibited a yolk sac tumor pattern, representing reticular or papillary structures composed of cuboidal or columnar cells (Fig. 1c) . Enteroblastic adenocarcinoma was combined with conventional well-differentiated or moderatelydifferentiated tubular adenocarcinoma in the upper part of all tumors (Fig. 1d) .
Outcomes
The duration of follow-up ranged from 2 to 39 months (mean, 18.4 months; Table 2 ). Patient 10 was lost to follow-up 2 months after endoscopic therapy. Complete follow-up clinical data were obtained from the remaining 28 GAED patients. Fifteen patients, including two early cancer patients and 13 advanced cancer patients, died as a result of their disease at an average of 14.6 months after surgery. Moreover, all nine patients with liver metastasis died within 3 years of surgery.
Immunohistochemical findings
The results of the immunohistochemical analyses are summarized in Table 3 . All GAED were positive for at least one of three enteroblastic linage markers (AFP, glypican 3, and SALL4; Fig. 2 ). Glypican 3 was the most sensitive marker (positivity, 83 %), followed by SALL4 (72 %) and AFP (45 %). Diffuse marker positivity (score 2, 3, or 4) was more frequently identified in advanced lesions (AFP, 26 %; glypican 3, 47 %; SALL4, 58 %) than in early lesions (AFP, 10 %; glypican 3, 20 %; SALL4, 30 %). By contrast, there was no expression of AFP, glypican 3, and SALL4 in 20 cases of CGA. In addition, the rate of positive p53 staining was 59 % in all GAED lesions. With regard to phenotypic expression, 15 GAED cases (52 %) exhibited the pure intestinal phenotype, whereas the remaining 14 cases (48 %) exhibited the gastrointestinal phenotype. CD10 and CDX2 were diffusely or focally expressed in all GAED cases (Fig. 2d) .
Association of marker expression and tumor invasion, metastases, or outcomes
In GAED cases, we further analyzed the associations of mucin phenotype and expression of AFP, glypican 3, SALL4, and p53 with venous invasion, lymphatic invasion, lymph node metastasis, hepatic metastasis, and outcome. There were no significant associations, although glypican 3 and SALL4 expression tended to be associated with lymphatic invasion (glypican 3, P = 0.069; SALL4, P = 0.074).
Discussion
In this study, patients with GAED were predominantly male (79 %), and GAED lesions were frequently located in the middle third and lower third of the stomach (79 %), similarly to CGA [20] [21] [22] . The mean age of patients at diagnosis tended to be older than that of patients with CGA [20] [21] [22] . Lymphatic and vascular involvements are common among AFP-producing gastric carcinomas [10] . The prevalence of lymphatic involvement and that of venous involvement in GAED (76 and 72 %, respectively) were remarkably higher than those in CGA (10-56 %) [21, 23] . In this study, most GAED patients had lymphatic and/or vascular invasion (90 %). Lymph node metastasis was detected in 40 % of early lesions and 84 % of advanced lesions, and these rates are also higher than those associated with CGA (26-45 %) [20, 21] . Furthermore, 31 % of GAED patients had synchronous or metachronous liver metastasis. Our findings were in accordance with a review of 270 patients with AFP-producing gastric carcinoma, which reported an 83 % incidence of lymph node metastasis and a 33 % incidence of liver metastasis [10] . AFPproducing gastric cancers are typically associated with a poor prognosis and high rates of liver metastasis [9] . Hence, our data suggest that GAED, as well as AFP-producing gastric cancer, is associated with a poor prognosis.
With the exception of hepatocellular carcinoma or yolk sac tumors, gastric cancer is one of the commonest AFPproducing tumors [4, [6] [7] [8] [9] [10] [24] [25] [26] [27] . Gastric hepatoid adenocarcinoma or GAED is one of the representative histologic types of AFP-producing gastric cancer. AFP production is generally considered the result of retrodifferentiation of tumor cells into fetal cells capable of producing AFP [1, 28] ; therefore, this suggests that gastric hepatoid adenocarcinoma and GAED exhibit retrodifferentiation. However, some hepatoid tumors are negative for AFP expression, and do not have the ability to produce AFP. Similarly, the rate of negative AFP staining was 55 % in GAED, suggesting that some GAED do not have the ability to produce AFP. The histogenesis of AFP-producing gastric carcinoma still remains unclear. AFP-producing gastric carcinoma is thought to develop from conventional tubular adenocarcinoma, subsequently progressing to GAED with hepatoid differentiation and AFP production [4] . Accordingly, we also found that GAED lesions were mixed with conventional well-differentiated or moderatelydifferentiated tubular adenocarcinoma in all cases.
Recent studies have demonstrated that SALL4 is specifically expressed not only in primitive germ cell tumors but also in gastric carcinoma with fetal gut differentiation [15, 16] . In our study, expression of SALL4 was positive in 20 cases (72 %), which was higher than AFP positivity (45 %), indicating that SALL4 was a more sensitive marker of fetal gut differentiation than AFP. Ushiku et al. [15] stated that SALL4 is a sensitive marker for AFPproducing gastric carcinoma and is especially useful to diagnose hepatoid gastric carcinoma. The previous report and our findings suggest that SALL4 is useful to diagnose AFP alpha-fetoprotein, CDX2 caudal-type homeobox 2 a p53 positivity was recorded if distinct and strong nuclear staining was observed in more than 10 % of the tumor cells b CDX2 positivity of tumors was classified as follows: less than 1 %, negative; 1-30 %, focal; more than 30 %, diffuse not only hepatoid gastric carcinoma but also a series of variants of gastric carcinoma with retrodifferentiation such as GAED. Glypican 3 is also a sensitive marker of hepatoid components of AFP-producing gastric carcinoma [4, [12] [13] [14] . In the present study, glypican 3 expression was observed in 24 cases (83 %), and was thereby the most sensitive marker for GAED. The Zhx2 gene, the mouse orthologue of human ZHX2, acts as a repressor of both AFP and glypican 3 expression in the adult mouse liver [29, 30] , and it is often silenced in hepatocellular carcinoma in association with Zhx2 promoter hypermethylation. In addition, ZHX2 mRNA levels were decreased in hepatocellular carcinoma cases with high serum AFP levels [31] . It is of further interest to investigate the relationship between ZHX2 repression and glypican 3 or AFP expression in GAED. Protein p53 plays a crucial role in cell apoptosis. Wildtype p53 induces growth arrest at the G 1 /S phase of the cell cycle in response to DNA damage, thus inhibiting the proliferation of cells [32] . Mutated p53 loses this inhibitive function, thus allowing cells with damaged DNA to proliferate. In this study, we found that p53 expression did not correlate with clinicopathologic parameters [33] . It is controversial whether p53 expression predicts prognosis; however, some studies have reported that p53 has no association with prognosis in conventional gastric cancer or AFP-producing gastric cancer patients [34] [35] [36] , a finding similar to that in our study.
With regard to mucin phenotype, most AFP-producing gastric carcinomas are classified as the intestinal type [4, 37] , in accordance with our study. Invasive areas with hepatoid or enteroblastic differentiation were negative for CD10 and CDX2 expression, suggesting the retrodifferentiation of tumor cells (Fig. 2e, f) .
In conclusion, GAED, resembling the primitive gut, showed aggressive behavior such as lymphatic and venous invasion, lymph node metastasis, and liver metastasis, and its clinicopathologic features were similar to those of AFPproducing gastric carcinoma but were not similar to those of CGA. In addition, GAED was immunoreactive to AFP, Fig. 2 Immunohistochemical staining of gastric adenocarcinoma with enteroblastic differentiation. Positive findings for alphafetoprotein in case 11 (a), for glypican 3 in case 23 (b), for SALL4 in case 11 (c), and for caudal-type homeobox 2 in case 25 (d). In case 11, the tumor exhibited an enteroblastic structure (e, left) accompanied by a hepatoid structure (e, right). f The immunostaining of CD10 in the same area as that shown in e. CD10 was expressed preferentially in the enteroblastic area (f, left), but not in the hepatoid area (f, right) glypican 3, or SALL4. These findings indicate that some GAED have the ability to produce AFP and overlap with AFP-producing gastric carcinoma.
